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Abstract: Risk factors for chronic diseases in Tibetans may be modified due to hypobaric 
hypoxia. The objectives of this study were to determine the prevalence of obesity at varying 
altitudes of 1,200, 2,900 and 3,700 meters above sea-level in Tibet and Nepal; to estimate 
the effect of altitude on body mass index (BMI), waist circumference (WC) and waist-to-
height  ratio  (WHtR).  Three  cross-sectional  studies  with  simple  random  sampling  were 
performed  on  617  men  and  women.  BMI,  WC  and  WHtR  decreased  with  increasing 
altitude. It is likely that the physical conditions such as low temperatures and low oxygen 
levels have a direct catabolic effect. 
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1. Introduction 
Obesity is a result of higher energy intake than expenditure, but the mechanisms are complex and 
not  well  understood  [1].  The  prevalence  of  obesity  disproportionately  affects  certain  racial/ethnic 
populations, with a higher rate among certain ethnic minority groups [2] ethnic admixture adults [3], 
aboriginal populations [4] and high altitude natives [5,6]. Factors that predict obesity among different 
ethnic  groups  may  vary  owing  to  environmental  differences  like  childhood  undernutrition  and 
overnutrition during adulthood [7], sedentary lifestyle [8] and limited access to education and healthier 
foods [2,8]. Altitude is an environmental factor which may be associated with obesity [9]. Studies 
among sojourns and lowlanders acclimatized to high altitudes have reported appetite suppression and 
weight  loss  under  hypoxic  conditions  [10-12].  However,  these  findings  are  inconsistent  due  to 
differences in thermoregulatory response to cold environments between people with high and low basal 
metabolic rates [9,13]. Santos et al. [14] reported a prevalence of 23.5% of high body mass index  
(BMI ≥ 30 kg/m
2) among 196 Aymara natives living above 2,000 meters of altitude, indicating that 
obesity is also a public health problem in poor and high altitude populations. Of the World population 
about  17 million live at  altitudes  higher that 3,500 meters  and more than 140 million  live above  
2,500 meters [15]. As far as the authors are aware of, there are no published studies linking altitude to 
obesity in a well defined high altitude population.  
Tibetans belong to the world’s oldest mountainous community residing at varying altitudes, mainly 
above  3,500  meters.  Tibetans  in  Nepal  migrated  from  the  Eastern  part  of  Tibet  approximately  
450 years ago. Tibetans in both countries still share the same culture and traditional foods and are 
exposed to different severity of hypoxia depending on the altitude of residence. They share the same 
genes helping life at high altitude.  
The aims of the present study were to estimate the prevalence of obesity among 30–70 year old male 
and female Tibetans living at varying altitudes of 1,200, 2,900 and 3,600 meters above sea-level in 
Nepal  and  Tibet,  and  to  investigate  the  effect  of  altitude  in  body  mass  index  (BMI),  waist 
circumference (WC) and waist-to-height ratio (WHtR). 
2. Population and Methods 
2.1. Study Population and Methods 
Three cross-sectional studies were conducted in Lhasa (Tibet) at 3,660 m and at 1,200 and 2,900 
meters in the Everest region of Nepal. The data collections were done in Tibet in 2006 (September–
December) and 2007 (May–August) in Nepal, respectively, with corresponding temperature ranges of: 
22 °C –33 ° C at 1,200 meters, 10 °C –15 ° C at 2,900 meters, and between 7 ° C and 10 ° C at 3,660 
meters, respectively. Int. J. Environ. Res. Public Health 2010, 7                 
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In Tibet, out of 28 resident committees, four were randomly selected. Five hundred thirty seven 
randomly selected individuals aged 30–70, were invited to participate. Three hundred seventy one 
(69%) participated in the survey.  
In Nepal, at 2,900 and 1,200 meters of altitude, 120 (88%) and 126 (92%) joined the study out of 
136  invitees  at  each  site.  Unwillingness  to  undergo  venipuncture  was  the  main  reason  for  not 
participating. More details about the samples from Nepal have been published elsewhere [16].  
The interview questionnaires were adapted from the WHO MONICA project. Some of the questions 
were modified according to local conditions. A simple clinical examination was also performed. Data 
collectors included teams of trained teachers, nurses and laboratory personnel. Approval for the study 
was  received  from  the  Norwegian  Regional  Committees  for  Medical  and  Health  Research  Ethics 
(REK) (Lhasa study), Tibet Autonomous region (TAR) (Lhasa study) and National Health Research 
Council of Nepal (Nepal studies). Permission was also granted by the selected counties and villages to 
conduct studies. All the participants gave written and oral consent after being explained the procedure 
of  the  study,  and  were  allowed  to  withdraw  from  the  study  sample  at  any  time  without  any 
consequences. 
2.2. Variables 
Body height and weight were measured with the participant in light clothing without shoes. Height 
was measured to the nearest centimeter with a vertical ruler and weight to the nearest kilogram with a 
spring balance. Calibration was done after every 10th measurement both in Nepal and Tibet. Body 
mass index (BMI) was calculated as the weight in kilograms divided by the height in meters squared. 
Waist circumference (WC) was measured by encircling the tape measure at the midpoint between the 
lower costal margin and the superior iliac crest after exhaling. Following the WHO protocol [17] for 
BMI,  obesity  was  defined  at  a  BMI  of  ≥30.  Using  the  Adult  Treatment  Panel  III  criteria  [18], 
participants were also divided into two categories: abdominally obese (WC > 88 cm for women and 
WC > 102 cm for men) or non-abdominally obese. Waist-to-height ratio (WHtR) was calculated by 
dividing waist circumference by height. Altitude was operationalized based on the three populations 
groups (samples). We constructed a continuous variable measuring altitude in units of 1,000 meters, 
giving three values for altitude: 1.2, 2.9 and 3.66.  
Using  the  International  Physical  Activity  Questionnaire  (IPAQ),  metabolic  equivalent  of  tasks 
(MET) scores were calculated for physical activity for data from Nepal. A dietary questionnaire was 
developed with the assistance of an experienced nutritionist for data from Nepal. Caloric intake was 
assessed by calculating the most frequent foods taken during breakfast, lunch and dinner. Calories of 
individual food items were calculated and pictures of portion sizes were shown to the respondent.  
Monthly  income  and  current  job  situation  of  either  having  (―Yes‖)  or  not  having  a  job  (―No‖)  
was assessed. Education was also categorized into ―Yes‖ and ―No‖ depending on their school level 
attendance. Alcohol consumption was classified as either ―Yes‖ if the person drank alcohol regularly 
(more than five days a week), otherwise ―No‖. Smoking was classified as either ―regular‖ if the person 
smoked daily, ―occasional‖ if the person smoked a few times a week or ―No‖ if the person had stopped 
smoking during the past 12 months. An average number of cigarettes per day was also sought. Int. J. Environ. Res. Public Health 2010, 7                 
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2.3. Statistical Analysis 
Characteristics and obesity parameters of the subjects by altitude of residence were described in 
medians and frequencies. The distribution of the outcome variables BMI, waist circumference and 
waist-to-height  ratio  were  skewed,  with  long  tails  to  the  right.  Therefore  non-parametric  
(Kruskal-Wallis) test were used when comparing the BMI, WC or WHtR distributions between groups. 
Chi-squared method was  used for comparing proportion  of  obese people. Using data from  Nepal, 
multiple linear regressions were used to find the direct effect of altitude on BMI, WC and WHtR 
individually, and the indirect effect passing through exercise and calorie intake (Figure 1). The effects 
of  exercise  and  calories  were  adjusted  for  age  and  sex. Because of the skewness  of the outcome 
variables, the linear models were carefully tested for deviations from linearity, and for non-constant 
residual variation (heteroscedasticity). The robustness of the models against outliers were tested by 
plotting  delta-beta  values.  A  p-value  of  ≤0.05  was  considered  statistically  significant.  Data  were 
analyzed using R 2.9.2 [19].  
Figure 1. Diagram of possible pathways. 
 
3. Results and Discussion  
3.1. Results 
Characteristics of subjects by altitude of residence are described in Table 1. Participants at 1,200 
meters were older than those at the other two altitudes. A higher number of participants at 3,660 meters 
were smokers and were educated. The proportion of people with jobs was higher among participants at 
2,990 meters of altitude, with the lowest average income. 
Table 1. Characteristics of subjects by altitude of residence. 
  1,200 meters (n = 127)  2,900 meters (n = 119)  3,660 meters (n = 371) 
 Age 
Median (IQR) 
 
 50 (41–59)  
 
 42 (35–54)  
 
 46 (39–57) 
Gender 
 Male 
 Female 
 
 35 (27.6)  
 92 (72.4)  
 
 35 (29.4)  
 84 (70.6)  
 
 139 (37.5)  
 232 (62.5) 
 Alcohol  >  5times  / 
week 
 Yes 
 No 
 
 44 (34.9)  
 82 (65.1)  
 
 67 (56.3)  
 52 (43.7)  
 
 164 (44.4)  
 205 (55.6)  Int. J. Environ. Res. Public Health 2010, 7                 
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Table 1. Cont. 
Current smoking 
 Regularly 
Occasionally 
 Never  
 
 2 (1.6) 
 1 (0.8) 
 24 (97.6)  
 
 0 (0) 
 0 (0) 
 119 (100) 
 
 88 (23.7) 
 2 (0.5) 
 281 (75.7) 
average no. of cig.  
Median (IQR)  
  
 4 (3.5–5.5) 
  
 0 (0) 
  
 20 (10–20) 
Education  
 Yes 
 No 
  
 48 (37.8) 
 79 (62.2)  
  
 33 (27.7) 
 86 (72.3) 
 
 217 (59) 
 51 (41) 
Having a job 
 Yes 
 No 
  
 27 (21.3) 
 100 (78.7) 
 
 116 (97.5) 
 3 (2.5) 
 
 206 (55.7) 
 164 (44.3) 
Income/month 
(in Yuan) 
 50–900 
 901–2000 
 >2000 
 None 
  
 
 10 (7.9) 
 10 (7.9) 
 7 (5.5) 
 100 (78.7) 
 
  
 80 (67.2) 
 26 (21.8) 
 8 (6.7) 
 5 (4.2) 
 
 
 210 (56.6) 
 52 (14) 
 28 (7.5) 
 81 (21.8) 
 
Table  2  illustrates  obesity  parameters  by  altitude  of  residence.  BMI,  WC,  WHtR  and  obesity 
decreased with increasing level of altitude. 
 
Table 2. Obesity parameters by altitude of residence. 
Median (IQR)  1,200 meters  2,900 meters  3,660 meters  p-value 
  
BMI
a (kg/ m
2) 
 
  
26.2 (23.9–28.6) 
 
24.5 (21.8–27.6) 
 
24.6 (22.1–27.2) 
 
<0.001  
WC
b (cms)  94.0 (85–101.2)  92.0 (83–101)  84.5 (76.5–92)   <0.001 
WHtR
c 
 
 0.6 (0.5–0.7)   0.6 (0.5–0.6)   0.5 (0.5–0.6)  <0.001 
Central
 Obesity
 d 
 Yes  
 No  
 
 68 (53.5) 
 59 (46.5) 
 
 68 (57.1) 
 51 (42.9) 
 
 92 (24.8) 
 279 (75.2) 
 
 <0.001  
 
Obesity
e 
 Yes  
 No 
 
  
 25 (19.7) 
102 (80.3) 
 
  
 14 (11.8) 
 105 (88.2) 
 
  
 36 (9.7) 
 335 (90.3) 
  
  
 0.012 
a body mass index; 
b waist circumference; 
c waist-to-height ratio; 
d WC > 102 for men & WC > 88 
cms for women; 
e BMI ≥ 30. Int. J. Environ. Res. Public Health 2010, 7                 
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Figures  2, 3 and 4 describe the effects of altitude on obesity parameters using  the Nepal data.  
Figure  2  describes  the  effects  of  altitude  on  BMI.  The  direct  effect  of  altitude  on  BMI  was  
−1.43  kg/m
2/km  after  adjusting  for  other  variables  in  the  model.  Physical  activity  and  calorie 
consumption at higher altitudes increased significantly by 1,984 metabolic equivalent tasks (METs) 
and 1,466 kilocalories (kcal) per altitude, respectively. The effect of physical activity and calories on 
BMI after controlling for age and sex was −0.00008 kg/m
2/MET and 0.0001 kg/m
2/kcal, respectively. 
The indirect effects of altitude on BMI when passed through intermediate variables physical activity 
and calories were –0.16 kg/m
2/km, and 0.28 kg/m
2/km, respectively, after adjusting for age and sex. 
The reduction in BMI explained by physical activity and calories was minimal. The total effect of 
altitude on BMI then equaled −1.43 − 0.16 + 0.28 = −1.31 kg/m
2 per kilometer of altitude.  
Figure 2. Path diagram for the effect of altitude on body mass index (BMI). 
 
  Coefficients 
Direct (altitude in 1,000 meters)  −1.43* kg/m
2/km 
Indirect (Total MET from physical activity /day)  −0.16 kg/m
2/km 
Indirect (Total calories intake / day)  0.28 kg/m
2/km 
*p-value ≤ 0.05; MET: metabolic equivalent of tasks. 
 
Figure 3 illustrates the effect of altitude on waist circumference. The direct effect of altitude on WC 
was  −1.12  cm/km  after  adjusting  for  other  variables  in  the  model.  Physical  activity  and  calorie 
consumption increased significantly by 1,984 METs and 1,466 kcal per altitude, respectively.  The 
effect of physical activity and calories on WC after controlling for age and sex was −0.00006 cm/MET 
and 0.0014 cm/kcal, respectively. The indirect effects of altitude on WC when passed through the 
intermediate variables physical activity and calories were –0.13 cm/km, and 2.10 cm/km, respectively, 
when also adjusted for age and sex. Physical activity decreased WC by 0.13 cm/km, similarly calorie 
intake increased WC by 2 cm/km. The total effect of altitude on WC then equaled −1.12 − 0.13 + 2.10 
= 0.85 cm per kilometer of altitude.  
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Figure 3. Path diagram for the effect of altitude on waist circumference (WC). 
 
  Coefficients 
Direct (altitude in 1,000 meters)  −1.12 cm/km 
Indirect (Total MET from physical activity /day)  −0.13 cm/km 
Indirect (Total calories intake / day)  2.10 cm/km 
MET: metabolic equivalent of tasks. 
Figure 4. Pathdiagram for the effect of altitude on waist-to-height ratio (WHtR). 
 
  Coefficients 
Direct (altitude in 1000 meters)  0.0058 units/km 
Indirect (Total MET from physical activity /day)  –0.0022 units/km 
Indirect (Total calories intake / day)  0.0071 units/km 
MET: metabolic equivalent of tasks. 
 
 3.2. Discussion 
The main findings of the present study are that the prevalence of obesity and central obesity are 
common, with a significant decrease with an increasing level of altitude. Calorie intake and physical 
activity could not explain the lower prevalence of BMI, WC and WHtR. However, the combined effect 
of altitude on BMI, WC and WHtR were different, as high altitude significantly reduced BMI, but not 
WC and WHtR. Increase in calorie intake at higher altitudes was associated with an increase in waist 
circumference but not BMI. The effect on waist circumference was reduced when adjusted for height. 
Many studies done among sojourns with small sample sizes have reported weight loss under hypoxic 
conditions, particularly due to a decrease in food intake [11,12]. In contrast, our study found increased 
calorie consumption at higher altitudes. A reason for increase in calories intake could be due to lower Int. J. Environ. Res. Public Health 2010, 7                 
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basal metabolic rate among high altitude natives [9,20]. People with low basal metabolic rate have 
weak  peripheral  vasoconstriction  responses  to  cold.  The  core  temperature  of  these  subjects  is 
influenced by cold and the ability to suppress heat loss is reduced, thereby increasing metabolic heat 
production through increased calorie consumption. Another reason for lower BMI, WC and WHtR 
despite increased caloric intake could also be due to elevated physical activity level at higher altitudes, 
as demonstrated in this study. It has been suggested that differences in energy selecting patterns occur 
among high altitude natives when synergistically exposed to cold and hypoxia. Some studies have 
suggested that weight loss at higher altitudes among acclimatized highlanders is due to reduction in 
body fat due to fat catabolism [9,21,22]. When there is imbalance between energy intake and energy 
utilized the additional resulting energy deficit is offset by fat catabolism. Other studies have on the 
other hand suggested that utilization of carbohydrate is more pronounced during shivering mechanism 
at  higher altitudes  as  this is more oxygen efficient [23-25], but non-shivering mechanisms among 
higher  altitude  population  have  also  been  documented  [9,20].  Similarly,  genetic  and  adaptive 
differences in oxygen consumption among high altitude natives have been reported [26,27]. 
There were more smokers among the Tibetans residing at 3,660 meters of altitude. Smokers were 
less likely to be overweight [28,29], however, other serious health hazards like lung cancer associated 
with smoking should not be underestimated. No smokers were identified at 2,900 meters of altitude. 
Frequent  non-smoking  campaign  in  this  Everest  region  of  Nepal  could  have  influenced  people to  
quit smoking.  
More  than  a  quarter  of  population  at  all  the  three  sites  were  alcohol  consumers.  Alcohol 
consumption  leads  to  fat  deposition  in  the  abdominal  region  [30,31],  hence  a  higher  alcohol 
consumption rate in our study may also be associated with a higher abdominal obesity.  
In the recent years, many studies have suggested loss of weight at high altitudes possibly due to 
increased level of leptin [32,33]. However, the role of leptin remains controversial. Study done among 
animals [34] and human beings at high altitude [35-37] have found decreased levels of leptin. Likewise 
a  study  comparing  sea  level  residents  with  high  altitude  natives  found  no  statistical  difference  in 
plasma  leptin  levels  [37].  Plasma  leptin  tends  to  increase  in  hypoxic  conditions  whereas  in  cold 
temperature production of leptin is inhibited. Therefore, the synergistic effect of hypoxia and cold 
temperature to leptin among high altitude natives still needs to be elucidated. 
Energy expenditure was not measured in the present study, and the proportion of energy intake to 
energy output could therefore not be measured. Neither did we have data on changes in appetite due to 
cold, stress or a qualitative or quantitative limited food supply. Genetic differences might contribute to 
the observed differences, although these two groups from Tibet and Nepal share a similar ancestry. It 
may be possible that some adaptive changes could have occurred among those residing in Nepal over 
the past few hundred years. Participants from Tibet and Nepal differ in the degree of physical activity 
and the altitude of residence. Participants in Tibet at 3,660 meters and in Nepal at 1,200 meters have 
recently gained access to modern amenities whereas those residing at 2,900 meters in Nepal still do not 
have access to transportation and hospitals. Data collection in Tibet was conducted in autumn and 
winter, whereas in Nepal it was collected during spring and summer. Since Tibet is at a higher altitude 
with colder temperature it may be possible that the demand for heat production was greater during data 
collection period. Climate variation may have biased the results towards lower prevalence of obesity Int. J. Environ. Res. Public Health 2010, 7                 
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and central obesity in Tibet. Seasonal migration among high altitude natives is quite common owing to 
wage earning activities. However, since a larger proportion of the population in our study were females 
who are less mobile, the effect of migration on obesity prevalence should have been minimal. Finally, 
the limitation of subjective measure of physical activity measuring non-structured form of physical 
activity  may  have  provided  uncertain  information  about  the  effect  of physical  activity on obesity. 
Further research with objective measures of physical activity and assessments of energy expenditure in 
high altitude populations is needed. 
4. Conclusion 
BMI, WC and WHtR decreased with increasing altitude. The mechanism for these differences are 
not known, and we were not able to explain this by lower energy intake or increased physical activity. 
It is likely that the physical conditions such as low temperatures and low oxygen levels have a direct 
catabolic effect. 
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